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Abstract
The multiplet of superconformal anomalous currents in the case (1,0), d = 6 is derived. The supersymmetric multiplet
of anomalies contains the trace of the energy–momentum tensor, the gamma trace of the supercurrent and some topological
vector current with divergence equal to the R-current anomaly. The extension of this consideration to the (2,0) case and some
application and motivation coming from AdS7/CFT6 correspondence is discussed.
 2003 Published by Elsevier B.V.
1. Introduction
AdS/CFT correspondence [1] provides a new tool for understanding the strong coupling dynamics of gauge
theories. The most developed example is IIB string/gravity on AdS5×S5 describing the largeN dynamics ofN = 4
Super-Yang–Mills theory. The investigation of the anomalies [2] and the correlation functions in this approach [3,4]
is very important because their universal behavior with respect to the renormalization from the weak to the strong
coupling regime [5] offers a unique possibility to test this correspondence using the free field approach in the gauge
theory calculations. Another interesting example of this correspondence is AdS7/CFT6 case describing duality
between the M-theory/11dSUGRA and the maximal supersymmetric (2,0) tensor multiplet in d = 6 [6]. This
theory deals with the low energy regime of N coincident M5-branes and has some mysterious properties like the
absence of a free coupling parameter, the difficulties in the lagrangian formulation of the self-dual antisymmetric
tensor field and its nonabelian generalization. The test of AdS7/CFT6 includes the investigation of two- and three-
point correlation functions of the energy–momentum tensor and vector R-currents [7,8], renormalization properties
of trace anomaly coefficients in external gravitational and vector fields [9,10] and the behavior of the R-current
anomaly from the weak to the strong coupling limit [11]. These investigations lead to some discrepancy in contrast
to the AdS5/CFT4 case concerning the behavior of the coefficient of the Euler density term of the trace anomaly [9,
12] and the general structure of the R-anomaly in different energy limits [11]. These phenomena still need further
explanations. In this Letter we investigate the SUSY structure of the superconformal current multiplet in d = 6 in
the (1,0) case and discuss the (2,0) current and anomaly multiplets also. Our goal is to construct the multiplet
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algebra. This can help to understand the strange behavior of the anomalous coefficients during renormalization from
the weak (free fields) to strong (AdS/CFT) coupling. The result described below is the following. The anomaly
multiplet in d = 6 includes in one superfield the trace anomaly of the energy–momentum tensor, the gamma-trace of
the supersymmetry current and the topological Chern–Simons current whose divergence is equal to the R-current
anomaly.
2. Superconformal currents in the (1,0) case and the anomaly multiplet
The conserved conformal supercurrent in the case d = 6, (1,0) case forms the scalar superfield J satisfying the
third order conservation condition2 [13]
(1)D3αijkJ = αβγ δD(iβ DjγDk)δ J = 0.
From this equation and the condition of closure of the SUSY algebra one can derive (see Ref. [13]) the independent
components, their transformation and conservation rules. Here we will only list the independent components in
ascending order of Weyl weights (dimensions) and present the conservation conditions.
(2)
J off-shell scalar auxiliary field
ψiα off-shell fermion auxiliary field
Cαβ Cαβ = C(αβ) off-shell auxiliary self-dual
third rank tensor
V
ij
αβ V
ij
αβ = V (ij)[αβ], conserved SU(2)-triplet
∂αβV
ij
αβ = 0 R-symmetry current
Siγ,βα S
i
γ,βα = Siγ,[βα], Si[γ,βα] =ΣaαβSia,β = 0 conformal, conserved
∂βαSiγ,βα = 0 supersymmetry current
Tδγ,βα Tδγ,βα = T[δγ ],[βα] = Tβα,δγ , conformal, conserved
∂βαTβα,δγ = 0, Tδ[γ,βα] = Tβαβα = 0 energy–momentum tensor
We want to deform (1) with some off-shell supermultiplet of anomalies
(3)D3αijkJ =Aαijk,
but with structure maintaining conservation of the supersymmetry current and energy–momentum tensor
(4)∂βαSiγ,βα = 0, ∂βαTβα,δγ = 0
and violating the tracelessness and gamma tracelessness conditions of the latter and the conservation of the vector
SU(2) R-current
(5)αβγ δSiβ,γ δ = 0, T αβαβ = 0, ∂αβV ijαβ = 0.
More precisely, we want to find a superfield with the last two levels (with Weyl weight 11/2 and 6) of independent
components
(6). . . ; ξ iα; Θ, vij = v(ij)
2 Our conventions and notations can be found in the appendix.
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conservation conditions (5) (the analogous consideration for the gauge and gravitational anomalies in (1,0) d = 6
case can be found in Ref. [15]). First of all we have to write a possible transformation of the set of fields (6)
(7)Djβξiα = δαβ
(
εjiΘ + vji)+Mαβ εji +Mα(ji)β + · · · ,
(8)DiαΘ =−
a
2
i∂αβξ
iβ ,
(9)Dkαvji =−bεk(j i∂αβξ i)β ,
(10)Mαα =Mα(ji)α = 0,
here dots in (7) replace derivative terms of unknown auxiliary fields with lower Weyl weights. The tracelessness
conditions (10) for the general antisymmetric and symmetric part of transformation of ξ iα are natural because
we already extracted the δαβ trace of D
j
βξ
iα in (7) as a bracket with our anomalies. Note that the presence in
r.h.s. of Eqs. (8) and (9) of only the derivatives of the lower spinor components expresses the lack of independent
components of the anomaly multiplet with higher Weyl weights. Then we can try to fix the unknown coefficients
a, b and possible configurations for the second rank antisymmetric tensor fields Mαβ and M
α(ij)
β . Immediately we
obtain the following restrictions
(11){Diα,Djβ}Θ = iεij ∂αβΘ⇒ ∂λ(αMλ(ij)β) = 0, ∂λ[αMλβ] = 0,
(12){Dkα,Dlβ}vji = iεkl∂αβvji ⇒ ∂λ(αMλβ) = 0, ∂λ[αMλ(ij)β] = 0.
So we obtain for both tensor fields not only a Bianchi identity (symmetric second rank equations) leading to
the corresponding vector field potentials, but get another two restrictions (antisymmetric second rank equations)
leading to the on-shell conditions for these potentials. So we prove the statement: there is no off-shell supermultiplet
of fields containing the set of anomalies (6) as highest Weyl weight independent components.
Nevertheless we will try to construct the analogy of the well-known relation in the case N = 1, d = 4 for the
anomalous currents
(13)Dα˙Jαα˙ =DαA, Dα˙A= 0
looking for the possible multiplets with off-shell and absolutely unrestricted components (even without Bianchi
identities or conservation condition). This type of multiplet could play the role of the chiral multiplet in d = 4
(13) expressing anomalies in N = 1, and also in N = 2 cases. But in d = 6 there is no chiral multiplet, instead we
have here only one known irreducible supermultiplet with unrestricted independent components. It is the SU(5) 5
superfield Lijkl = L(ijkl) constrained with the following superfield condition
(14)D(iα Ljklm) = 0
but containing only the off-shell and unconstrained components
Lijkl , λjklα =DαiLijkl ,
(15)Gklβα =Dβjλjklα , ξ iδ = γβαδDγjGjiβα, Θ =Dαiξ iα.
This multiplet was considered in Refs. [13,17] and used in Ref. [15] for the construction of gauge anomalies in the
(1,0) case (the so-called relaxed hypermultiplet [16]). The same superfield we can use for the quantum deformation
of the conservation relation (1) in the following way
(16)D3αijkJ =−2αγβδi∂γβλijkδ = 4i∂βαDβlLlijk .
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(15).
(17)Aαijk = 4i∂βαDβlLlijk .
Note that this equality itself concerns the usual derivative and does not lead directly to the relation between the
traces of the current multiplet and components of Lijkl (such as in d = 4 case (13)). However exploring the relation
(16) and the condition of closure of the supersymmetry we obtain the following relations for the transformations
of the components and the set of conservation conditions:
(18)J, Lijkl;
(19)DiαJ =ψiα, DnαLijkl =
4
5
εn(iλjkl)α ;
(20)Djβψiα = V jiβα + εjiCβα +
i
2
εji∂βαJ, D
i
βλ
jkl
α =
3
4
εi(jG
kl)
βα −
5
4
∂βαL
ijkl;
Dkγ V
ji
βα = εk(jSi)γ,βα −
1
9
γβαδε
k(j ξ i)δ − 2i∂[γβλkjiα] +
4
5
iεk(j ∂γ [βψi)α] +
1
5
iεk(j ∂βαψ
i)
γ ,
(21)Diγ Cβα = Si(α,β)γ −
4
5
i∂γ (βψ
i
α), ∂
βαSiγ,βα = 0 , Si[γ,βα] = 19γβαδξδi ,
DkγG
ji
βα =
1
9
γβαδε
k(j ξ i)δ − 1
3
i∂βαλ
kji
γ −
8
3
i∂γ [βλkjiα] ;
D
j
δ S
i
γ,βα =
1
2
εjiTδγ,βα + 23 i∂δγ V
ji
αβ +
2
15
i∂βαV
ji
δγ +
2
15
i∂γ [βV jiα]δ +
2
3
i∂δ[βV jiα]γ
+ 2
3
i∂βαG
ji
γ δ +
2
3
i∂γ δG
ji
βα +
1
3
i∂γ [βGjiα]δ −
7
3
i∂δ[βGjiα]γ
(22)+ iεji∂δ[αCβ]γ − 15 iε
ji∂γ [αCβ]δ − 15 iε
ji∂βαCδγ , ∂
βαV
ji
βα + ∂βαGjiβα = 0 ,
D
j
βξ
iα = 1
8
εjiδαβΘ +
9
2
i∂γ δG
ji
γ δδ
α
β − 6i∂γ αGjiγβ, Θ + 3T βαβα = 0 ,
(23)DiεTδγ,βα =−
2
3
i∂[δ[αSiε,β]γ ] − 2i∂ε[δSiγ ],βα − 2i∂ε[βSiα],δγ −
1
3
i∂δγ S
i
ε,βα −
1
3
i∂βαS
i
ε,δγ ,
DiαΘ =−4i∂αβξ iβ , ∂βαTβα,γ δ = 0 ,
where we mark the important conservation conditions and the relations between the previously independent
components by using frames. Thus we obtain the following result: The multiplet of anomalies in the six-dimensional
case includes the trace of the energy–momentum tensor (Θ), the gamma-trace of the supercurrent (ξ iα) and some
SU(2) triplet of the vector currents Gijαβ restricted to express the R-symmetry anomaly by it’s divergence. But
the R-symmetry anomaly is kind of the chiral anomalies and hence it is some linear combination of parity-odd
topological invariants constructed from the external fields. Therefore, we can always express this type of anomaly
in the form of the divergence of some topological vector currents dual to the Chern–Simons forms in one dimension
less
(24)∗(F ∧ F ∧ F)∼ ∂a tr
(
abcdefAbFcdFef + · · ·
)
.
Changing to the usual notations we can say that the following objects are the components of the single superfield
(25)Θ =D4ijklLijkl = 12T aa ,
(26)ξ iα =D3αjklLijk = 3Sβ,aΣaβα,
(27)Gijαβ =D2αβ,klLijkl , with ∂αβGijαβ = 4∂aV ija .
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multiplet (2).
3. Discussion of superconformal currents and anomalies in (2,0) case
First of all we note that the previous statement about the absence in the case of six-dimensional (1,0) of an
off-shell supermultiplet with highest independent weight components corresponding to the trace and R-symmetry
anomalies is valid in the (2,0) case also. We have just to replace all SU(2) R-symmetry indices with USp(4) and
consider instead of Mαβ the antisymmetric tensor M
α[ij ]
β . We will come again to the on-shell condition from the
closure of the SUSY algebra. Nevertheless in this case the supermultiplet of conserved conformal currents exists
and is described again by the scalar superfield but now the 14 of the USp(4) J ij,kl , with the following set of
properties and constraints
(28)J ij,kl = J [ij ],[kl] = J kl,ij , J ij,klΩij = 0, J ij,klijkl = 0,
(29)Dmα J ij,kl =Ωm[iλj ],klα +
1
4
Ωijλm,klα +Ωm[kλl],ijα +
1
4
Ωklλm,ijα ,
(30)λm,klα = λm,[kl]α , λm,klα Ωkl = 0, λm,klα Ωmk = 0.
The components of this conserved superconformal current multiplet of (2,0) theory were listed for the first time in
Ref. [13]
(31)
J ij,kl 14 of USp(4)off-shell scalars see (28) auxiliary field
λ
i,jk
α 16 of USp(4) off-shell fermion see (30) auxiliary field
C
ij
αβ C
ij
αβ = C[ij ](αβ) off-shell auxiliary self-dual
C
ij
αβΩij = 0 third rank tensor
V
ij
αβ V
ij
αβ = V (ij)[αβ], conserved 10 of USp(4)
∂αβV
ij
αβ = 0 R-symmetry current
Siγ,βα S
i
γ,βα = Siγ,[βα], Si[γ,βα] =ΣaαβSia,β = 0 conformal, conserved
∂βαSiγ,βα = 0 supersymmetry current
Tδγ,βα Tδγ,βα = T[δγ ],[βα] = Tβα,δγ , conformal, conserved
∂βαTβα,δγ = 0, Tδ[γ,βα] = T βαβα = 0 energy–momentum tensor
and the transformation rules and the coupling with conformal supergravity were considered in Ref. [18]. Following
the previous section we could try to deform the superfield conservation condition (29) introducing the superfield
A
m,[ij ],[kl]
α expressed through some off-shell multiplet of anomalies containing a topological Chern–Simons current
G
(ij)
[αβ], ∂αβG
ij
αβ ∼ ∂αβV (ij)αβ and the supersymmetry and the trace anomalies ξ iα and Θ . Unfortunately the structure
of the off-shell multiplets in the maximal extended (2,0) case is not well understood and we cannot present here
the full solution of this problem, but a partial answer is the following.
(32)DiαΘ =−
1
2
i∂αβξ
iβ ,
(33)Djβξiα = δαβΩjiΘ −
6
5
i∂βγG
αγji − 1
5
δαβ i∂γ δG
γ δji − 4
5
i∂βγ C
αγji,
Gαγji =G[αγ ](j i), Cαγji = C(αγ )[ji], CαγjiΩji = 0,
(34)DkγGβαij = δ[βγ ξα](iΩj)k + · · · ,
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1
4
δ(βα ξ
α)kΩji + · · · .
Note that the coefficients in (32) and (33) and the presence of the new auxiliary tensor field Cαβ[ij ] are necessary
from the condition of the closure of supersymmetry algebra on Θ and ξ iα . Unfortunately we cannot present the
complete tower of auxiliary fields,3 but can predict that if this supermultiplet of anomalies exists, the relation
between different anomalies has to remain in the same way as in (25)–(27). For comparison let us remember the
d = 4 N = 2 and N = 1 cases. In the N = 2 case the conformal conserved currents and anomalies described by
just a scalar real superfield and N = 2 chiral multiplet correspondingly (see, e.g., [19] and references there) with
the following anomalous relation
(36)Dij J = DijS, Diα˙S = 0, Dij =DiαDjα
The N = 2 anomaly multiplet S is in the language of N = 1 superfields equivalent to the chiral scalar and vector
multiplet. So the N = 1 anomaly multiplet A in Eq. (13) can be identified with this scalar chiral part of the N = 2
chiral superfield. It means that the trace anomaly and U(1) part of SU(2) R-symmetry anomaly of the N = 2 theory
form this N = 1 superfield with the same relative coefficients, and extension of SUSY just adds a deformation to
the conservation laws of additional components of supercurrent and R-current. Of course, as an artefact of this
splitting to N = 1 superfields we will get the Konishi anomaly.
Something like this we can expect in six dimensions. It means that our (1,0) anomaly multiplet Lijkl could
be some part of an unknown (2,0) anomaly multiplet superfield if we will consider that in the language of the
(1,0) superfields. This consideration is in progress and will be studied elsewhere. The concrete application of
our result to the explanation of the behavior of the anomaly coefficients of (2,0) multiplet also needs additional
considerations. Another interesting task connected with the latter is to express the anomaly superfield through
the linearized external conformal supergravity (so-called Weyl multiplet) and find the superfield generalization of
the Euler density and the Weyl invariant combination of curvature [2] which in d = 6 possibly contribute to the
conformal anomaly.
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Appendix A. Notation and convention
We use the normalized antisymmetrization [. . .] and symmetrization (. . .) of all type of indices. Latin indices
a, b, c, . . . = 1,2, . . . ,6 we use for usual SO(1,5) tensors and Greek indices α,β, γ, . . . = 1,2,3,4 for spinor
SU(4). The convention for d = 6 symplectic Majorana–Weyl spinors is [14]:
(A.1)(ψiα)∗ ≡ΩijBβα˙ ψjβ , B∗B =−1.
Here in the (1,0) case R-symmetry group indices i, j, k, . . . belong to SU(2), (i, j, . . . = 1,2) and the
corresponding invariant symplectic metric Ωij = εij . In the (2,0) case the corresponding R-symmetry group is
USp(4), (i, j, . . .= 1,2,3,4) and we have two symplectic tensors Ωij and ijkl = 3Ωi[jΩkl]. But in both cases
the existence of the unitary matrix B (A.1) which transfers dotted and undotted indices allows us to formulate
3 The dots in (34) and (35) mean the possible derivatives of the next fermion field ψi[jk],γβα .
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(A.2){Diα,Djβ}= iΩij ∂αβ (Ωij = εij in the (1,0) case).
∂αβ = Σaαβ∂a and Σaαβ is the set of 6 antisymmetric sigma matrices coming from the definition of usual d = 6
gamma matrices in the following way with the corresponding normalization and completeness rules [13]
(A.3)Σaαβ =−Bβ˙βΣaαβ˙ =−Σaβα,
(A.4)Γ a =
( 0 Σa
αβ˙
Σ˜aα˙β 0
)
,
(A.5)ΣaαβΣbαβ =−4ηab, ηab = (+,−−−−−),
(A.6)ΣaαβΣaγ δ =−2αβγ δ.
Following this definition we can present a table of conversion and rules for corresponding tensors and spin-tensors.
Va Vαβ =−Vβα
Fab =−Fba Fαβ , Fαα = 0
Gabc =G[abc] = ∗Gabc Gαβ =G(αβ)
Gabc =G[abc] = −∗Gabc Gαβ =G(αβ)
Tab = T(ba), T aa = 0 Tαβ,γ δ = Tγ δ,αβ = T[αβ],[γ δ], T[αβ,γ δ] = Tα[β,γ δ] = 0
(Sa)α, (Σ
aSa)
α = 0 Sα,βγ = Sα,[βγ ], S[α,βγ ] = 0
In addition we will present some useful formulas and relations
(A.7)V αβ = 1
2
αβγ δVγ δ, Vαβ = 12αβγ δV
γ δ,
(A.8)∂[εγ Vβα] = 112εγβα∂
µνVµν, ∂[ελδδµ] =
1
3
µελγ ∂
δγ ,
(A.9)∂µν∂λν = 14∂µν∂
µνδλµ, ✷=−∂a∂a = 14∂µν∂µν.
For the (1,0) case we used SU(2) index rules which are presented here
(A.10)V i = εij Vj , Vi = V j εji,
(A.11)εij εik = δik, ε[ij V k] = 0,
(A.12)V k(iεj)l − V l(iεj)k = V ij εkl, V ij = V (ij),
(A.13)V (ij εk)l − V (ij εl)k = 4
3
V ij εkl .
Some formulas for the (2,0) case (USp(4) R-symmetry case) are:
(A.14)V i =ΩijVj , Vi = V jΩji,
(A.15)Ωi[jΩkl] = 13
ijkl, [ijklV m] = 0,
(A.16)Ω [ijΦkl] = 1
2
(
Ω [ijΦk]l −Ωl[kΦij ])= 0,
(A.17)if Φij =Φ[ij ] and ΦijΩij = 0.
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(A.18)DiαDjβ =
i
2
εij ∂αβ + εijD(αβ) +D(ij)[αβ] for (1,0),
(A.19)DiαDjβ =
i
2
Ωij ∂αβ +ΩijD(αβ) +D(ij)[αβ] +D[ij ](αβ),
ΩijD
[ij ]
(αβ)
= 0 for (2,0).
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